The wall thickness of the apex of the left ventricle has been measured at its thinnest point in 60 adult hearts at necropsy. This measured 2 mn or less in 97 per cent of them and 1 mm or less in 67 per cent.
The wall thickness of the apex of the left ventricle has been measured at its thinnest point in 60 adult hearts at necropsy. This measured 2 mn or less in 97 per cent of them and 1 mm or less in 67 per cent.
Some types of sutureless epicardial pacemaker electrode are anchored into the ventricular myocardium by a corkscrew 6 mm long by 4 mm diameter (Naclerio and Varriale, 1974) . Recently a patient died from haemorrhage at the site of insertion into the left ventricle. At necropsy, the ventricular thickness at the apical site of insertion was 4 mm (Vecht et al., 1976) . The first object of the present study was to find out how often the adult left ventricle is less than 6 mm at its apical thin point.
Imaging of the myocardium using Thallium-201 has recently been introduced as a clinical investigation. With this technique defects at the apex of the left ventricle are common in normal hearts and have been attributed to local anatomical thinness of the myocardium (Cook et al., 1976) . The second object of our study was to find out whether this thin point exists.
Methods
The 60 hearts were all from adults varying in age from 34 to 87, with a mean age of 68 years. Thirtyseven per cent were from women.
HEART APICES These were obtained at necropsy. Any heart which showed evidence of local disease was excluded from the series. In the rest the apex was amputated about 3 cm from its tip and fixed in 10 per cent buffered formol saline. Each specimen comprised the apex and part of each ventricular free wall together with the distal part of the septum.
MEASUREMENTS
The height of the amputated apex was measured, All measurements are expressed as mean ± 1 standard deviation.
Results

LEFT VENTRICLE
Myocardium
The architecture of the apex of the left ventricle was remarkably constant. At the apex itself there was always one point where the myocardial thickness was 3 mm or less. The individual measurements are shown in Fig. la . In the whole series the mean thickness of the muscle at its apical thin point was 1-3 ±0-7 mm. In some hearts the thin point measured less than 1 mm. An example of such a slice is shown in Fig. 2 , and a photomicrograph shown in Fig. 3 shows how few strands of muscle separate endocardium from epicardial fat. In 2 out of the 60 hearts examined there were 2 apical thin points. Fig. 1 also shows that the left ventricular myocardial thickness increased rapidly on each side of the apical thin point, so that when measured 5 mm away on one side the myocardial thickness was already 3-7 ±2-3 mm on the thinner side ( Fig. lb) and 7 9 ± 6-3 mm on the thicker side (Fig. lc) . In the whole series the line of amputation Epicardial fat Fig. la, b , and c also show the thick overlying the myocardium at th measured between 4-5 and 4-7 mn illustrated in Fig. 2 . At the apical epicardial fat was usually more than I thickness of the myocardium. Fig. la and d shows that the minimum myocardial thickness of the right ventricle of 1-3 ±0-8 mm was very similar to that at the apex on the left side, and that the pad of overlying fat was similar in both regions.
PACEMAKER INSERTION
In order to assess how far a 6 mm corkscrew epicardial pacemaker electrode would penetrate when inserted, a corkscrew electrode (Model 6917, Medtronic Inc., Minn., U.S.A.) was screwed the recommended 3 turns into an unfixed fresh left ventricular apex at necropsy. Penetration into the lumen is illustrated in Fig. 4 .
Discussion
The use of corkscrew epicardial pacing electrodes was first described in 1973 (Hunter et al., 1973) . About 30 000 have now been used, with few complications and only one reported fatal haemorrhage (Vecht et al., 1976) . The corkscrew is 6 mm long and 4 mm in diameter comprising an insulated region and a stimulating region (Naclerio and Varriale, 1974) . Our experience with postmortem hearts showed that the recommended 3 turns were sufficient to insert the thread of the corkscrew the full 6 mm so that the Dacron netting guard came to lie against the epicardium. Recommendations for the site of implantation vary. Some authors suggest that the corkscrew be inserted as near to the apex of the ventricle as possible (O'Neill and Spagna, 1974) . Failing this the anterior aspect of the right ventricle is the site of choice. In our series of measurements most hearts had one small point at the apex of the left ventricle at which the thickness of the myocardium was only 1 to 2 mm, sometimes less. The overlying epicardial fat was almost always thicker than this but provides no grip for a corkscrew. In view of this it is not surprising that it was easy to insert the pacemaker into a postmortem heart in such a way as to cause penetration into the lumen of the left ventricle. This result differs from that of a previous report in which penetration was never observed during a series of 25 insertions into right ventricular myocardium (Naclerio and Varriale, 1974) , even though the thickness of the latter is usually less than 3 mm (Olsen, 1973; and Fig. ld) .
Clinically, many thousands of epicardial pacemakers have been inserted in this way and it seems likely that a proportion of these have penetrated the ventricular wall. The fact that there has been only one reported case of fatal haemorrhage means that the left ventricular apical thin point must be of sufficiently small area to allow adequate anchorage by the surrounding muscle. The finding in two hearts of double apical thin points in the left ventricle is more disconcerting in that this variation might allow the intervening piece of muscle to be pulled out by a corkscrew electrode screwed into both thin points. Because of this we suggest that the preferred site of insertion of this type of epicardial electrode should be away from the exact apex of the left ventricle. The arrangement of the muscle at the left ventricular apex illustrated by these measurements carries implications about the way in which muscle at the apex contracts. It seems unlikely that the very thin strands of myocardial muscle at this site could withstand the pressure generated within that chamber during systole. More probably the whorled arrangement of the muscle fibres (Thane, 1892; Fox and Hutchins, 1972) allows the narrow funnel to close off at the onset of systole so that the thinnest point is protected from the high pressure generated at the peak of contraction. No such arrangement is found in the right ventricle where the convexity of the lumen allows transmission of the lower pressure to the thin areas at the apex.
These anatomical findings are also important for the correct interpretation of cardiac radionuclide studies. During Thallium-201 myocardial imaging there is an area of decreased activity of the apex of the left ventricle in about 50 per cent of normal hearts (Cook et al., 1976) . The postulate that this is the result of local anatomical thinning is here substantiated. In addition gated blood pool studies using Technetium 99m-labelled albumin confirm that as systole begins the left ventricular myocardium contracts in such a way as to constrict the apical region (J. W. B. Bradfield-personal observations).
In short, the impression of pathologists that the left ventricle is very thin at its apex, even in hypertrophied hearts, is confirmed by measurements. Appreciation of the presence of this left ventricular apical thin point is important (i) for the design and use of corkscrew epicardial pacemakers, (ii) for the interpretation of myocardial images produced by radionuclides, and (iii) for the understanding of muscle contraction at the apex of the left ventricle.
